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Round-robin test for flatness 
measurement of CaAs wafers 
Part I: warp and bow 
Due to the increased demand for GaAs substrates, improved physical characteristics such as warp, 
flatness, local thickness variation and other parameters are required. In the first of a 3-part series III-T/s 
Review continues its coverage of the round-robin testing of CaAs by Japanese substrate suppliers [l]. In 
this article we cover warp and bow, in part II next issue we report on total thickness variation (TTV) 
and total indication reading (TIR), and then in the concluding part we cover local thickness variation 
(LTV) and percentage local thickness variation (PLTV). 
D espite increased market de- mand, correlation of mea- sured values of these 
parameters have not yet been investi- 
gated among various affiliations. 
Therefore, a series of round-robin 
tests have been made by nine Japanese 
GaAs substrate suppliers, listed at the 
end of the report. 
In this round-robin test, 76.2 mm 
and 100 mm diameter substrates were 
used and six parameters (warp, bow, 
TTVTIR, LTVand PLTV) were mea- 
sured by each company’s own mea- 
surement equipment. Four kinds of 
instruments (instrument (i) to instru- 
ment (iv)) have been used, five affilia- 
tions used the same type of instrument 
(instrument (i)). In this the first of a 3- 
part series, we report the results of 
warp and bow measurement. The re- 
sults of other parameters will be pub- 
lished in successive articles over the 
next two issues. 
Definitions 
There are many definitions for the re- 
presentation of the parameters warp 
and bow. Also, within the accepted de- 
finition warp can differ depending on 
the instrument measurement em- 
ployed. In the context of this round- 
robin exercise, the definition of warp 
for instrument (i) is shown in Figure 
l(a), this is referred to as warp (1). Since 
the measurement was performed in 
Warp(l) = IAl + IBI Warp(2) = IAl + IBI 
.*. 
(a) The definition of warp( 1) (b) The definition of warp(2) 
Bow(l) = AC 
r Three point 
BOW(~) = AC 
, Best fit 
Cente; point 
(c) The definition of bow(l) 
Cente: point 
(d) The definition of bow(2) 
BOW(~) = - (lABI + IBCl ) 
I 
Non-linear thickness 
variation plane Center point 
(e) The definition of bow(3) 
Figure 1. The defimt/ons of warp and bow. 
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Table I. Relar\onsh,ps among instruments, parameters and datum planes for each affdlatlofl. 
Aft iliation Instrument Parameter Datum Plane 
A 
B 
C (i) warp(l), bow(l) Three point focal plane 
D 
E 
F (ii) warp(2), bow2) Best fit focal plane 
G (iii) warp(2), bow(3) Non-linear thickness 
variation plane 
H (iv) warp(l), bow(l) Three point focal plane 
the unclamped condition, warp (1) is 
taken to be the total summation of 
the absolute values of the largest 
height (i.e. point A) and the smallest 
height (i.e. point B), where the point 
A is at the upper part and the point B 
is at the lower part of the datum plane 
defined as the 3-point focal plane. 
The definition of warp for instru- 
ment (ii) is shown in Figure 1 (b), this is 
referred to as warp (2). The definition 
of warp (2) is equivalent to that of 
warp (1), except that the measurement 
datum plane is the best fit focal plane 
(i.e. RF plane). 
The datum plane of warp for in- 
strument (Iii) is the non-linear thick- 
ness variation plane (NTV plane) 
which is derived from the calculated 
lattice point data in the measured area 
by the least square method. This warp 
value is also the difference between the 
maximum and the minimum of all 
measured data from the NTV plane 
in the unclamped condition. If the 
measured data are considered as the 
height of the wafer surface, the defini- 
tion of warp for instrument (iii) is 
equal to warp (2). 
There are also various definitions 
for bow which are also dependent on 
the instrument. The definition of bow 
for instrument (i) is shown in Figure 
l(c), this IS referred to as bow (1). Bow 
(1) is the height difference between the 
wafer surface and the 3-point plane at 
the centre point of the wafer. The lar- 
ger value between posjtive and nega- 
tive values is defined as bow (1). The 
definition of bow for instrument (ii) 
is shown in Figure l(d), referred to as 
bow (2). The definition of bow (2) is 
equal to that of bow (l), except that 
the datum plane is the BF plane. The 
definition of bow for instrument (iii) 
is shown in Figure l(e) and is referred 
to as bow (3). Bow (3) is the total sum- 
mation, connected to the sign of the 
height difference at the centre point 
of the wafer, of the absolute value of 
the largest height (=IABI) which has 
the opposite sign to the height differ- 
ence at the centre point and the abso- 
lute value of the height difference at 
the centre point (=IBCI), where the da- 
tum plane is the NTV plane. Even 
though instrument (iv) has the mea- 
surement function for both warp and 
bow which are defined as warp (1) and 
bow (I), in the present round-robin 
test, warp and bow were not measured 
by instrument (iv). 
Round-robin test 
Sample preparation 
Samples which were used for the 
round-robin measurement are as fol- 
lows: 
(a) 76.2 mm diameter single-faced 
polished wafers: 
diameter = 75.7-76.7 mm; thickness = 
585-615 pm. 
(b) 76.2 mm diameter double-faced 
polished wafers: 
diameter = 75.7-76.7 mm; thickness = 
585-615 pm. 
(c) 100 mm diameter double-faced 
polished wafers: 
diameter = 99.5-100.5 mm; thickness 
= 610-640 pm. 
Five wafers with various parameter 
values for each item were selected from 
many samples supplied by all partici- 
pants. The wafers for (a) were named 
as a-l to a-5, those for (b) were b-l to 
b-5, and those for (c) were c-l to c-5. 
Instruments 
Four different types of instruments 
were used by eight entry affiliations 
(affiliation A to affiliation H), i.e. in 
strument (i) to instrument (iv). 
Amongst which, five affiliations used 
the same type of instrument - instru- 
ment (i). All eight affiliations had cali- 
brated their instruments before 
measurement. ,L\s mentioned above, 
warp and bow were not measured by 
instrument (iv) used by affiliation H. 
The relationships among datum 
planes, instruments and measurement 
parameters are shown inTable 1. 
Data analysis 
Each wafer for three types of samples 
was sequentially measured five times 
by each affiliation. The measured data 
were compared with a tentative “true” 
value, which is the averaged value for 
all data measured by the same type of 
instrument -- instrument (i). The 
coefficient of variance of measured va- 
lues was calculated in each case and the 
instrumental variations amongst the 
same type of instrument and amongst 
various instruments was examined. 
Results and discussion 
The average of measured values and 
the coefficients of variance for warp 
and bow after sequential five-time 
measurement are shown in Tables 2 
and 3, rcspectivelv. In order to com- 
pare the dependence on instruments, 
the averaged values in the same type 
of instrument (ij (affiliation A to af 
filiation II), and the averaged values 
among all instruments (affiliation A 
to affiliation G) arc also shown in Ta- 
bles 2 and 3, respectively. Here, the 
data for samples h-3 and c-4 were cx- 
eluded because they had been hrokcn 
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Table 2. Averaged values of warp and bow. 
Wafer Wafer No. A B C 
a-l 4.54 4.47 4.60 
76.2 mm q!~ a-2 3.65 3.54 3.51 
single-faced a-3 8.05 7.92 8.15 
polished wafer a-4 11.09 10.67 11.24 
a-5 6.55 6.47 6.85 
b-l 6.93 7.00 6.92 
76.2 mm C/I b-2 2.52 2.48 2.12 
double-faced b-4 5.58 5.35 5.40 
polished wafer b-5 2.58 2.35 2.37 
100mm C#I c-l 2.68 2.15 2.60 
double-faced c-2 3.99 3.57 3.67 
polished wafer c-3 1.78 1.50 1.24 
c-5 4.78 5.96 5.22 
Instrument (i) 
Wafer Wafer No. A B C 
a-l -1.66 -1.88 -1.72 
76.2 mm C$ a-2 -0.92 -1.01 -0.94 
single-faced a-3 -1.78 -1.91 -1.79 
polished wafer a-4 -4.93 -4.87 -4.71 
a-5 3.85 3.95 3.83 
76.2 mm # b-l 5.85 5.91 5.96 
double-faced b-2 -1.66 -1.70 -1.63 
polished wafer b-4 0.55 0.58 0.32 
b-5 -0.85 -0.80 -1.16 
c-l 0.94 0.08 0.75 
100 mm C#I c-2 -0.50 -0.55 -0.72 
double-faced c-3 0.81 0.20 0.19 
polished wafer c-5 0.42 0.26 0.68 
Instrument (i) 
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Warp Average 
D E F G A-G A-E 
4.61 4.57 3.22 2.28 4.04 4.56 
3.96 3.67 2.94 1.96 3.32 3.67 
8.44 8.10 6.06 5.58 7.47 8.13 
11.28 11.22 7.46 2.62 9.37 11.10 
6.59 7.00 5.38 3.16 6.00 6.69 
7.15 7.12 6.78 3.10 6.43 7.02 
2.46 2.81 1.96 3.26 2.52 2.48 
5.61 5.33 4.92 6.70 5.56 5.45 
2.35 2.25 2.50 3.00 2.49 2.38 
2.55 2.00 2.18 5.22 2.77 2.40 
4.31 3.10 2.36 4.90 3.70 3.73 
1.92 1.66 1.80 3.56 1.92 1.62 
5.10 5.89 3.80 6.68 5.35 5.39 
(0 (ii) (iii) (i) - (iii) (i) 
Bow Average 
D E F G A-G A-E 
-1.76 -1.56 -0.60 0.06 -1.30 -1.72 
-0.96 -0.94 0.06 1.02 -0.53 -0.95 
-2.05 -1.69 0.20 4.04 -0.71 -1.84 
-5.07 -4.68 -1.62 2.44 -3.35 -4.85 
4.04 3.98 2.30 2.98 3.56 3.93 
6.24 5.90 3.68 2.34 5.13 5.97 
-1.70 -1.97 -0.48 -3.18 -1.76 -1.73 ; 
0.31 0.56 0.40 4.38 1.01 0.46 
-1.20 -1.11 -0.62 -2.70 -1.21 -1.02 
1.07 -0.98 0.14 2.82 0.69 0.37 
-0.67 -1.33 -0.86 3.62 -0.14 -0.75 
0.64 -0.55 0.38 2.50 0.60 0.26 
0.95 -0.09 -0.24 4.70 0.95 0.44 
(i) (ii) (iii) (i) -(iii) (i) 
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Jab/e 3. The coeffioents of variance of warp and bow. 
Warp Calculated results 
from all data 
Wafer Wafer No. A B C D E F G A-G A-E 
a-l 5.63 2.32 0.16 3.84 3.08 4.97 1.75 21.48 3.68 
76.2 mm 4 a-2 3.68 2.46 0.53 10.45 0.99 4.61 6.92 19.57 6.96 
single-faced a-3 3.05 0.89 0.47 3.94 3.45 1.68 1.76 14.46 3.49 
polished wafer a-4 3.10 1.77 0.10 0.92 1.01 0.66 1.53 32.43 2.64 
a-5 2.89 3.87 0.69 1.25 4.71 1.39 8.86 21.21 4.30 
76.2 mm 4 b-l 1.62 1.73 0.27 0.80 3.45 1.72 6.12 21.33 2.34 
double-faced b-2 8.40 14.48 0.38 7.78 14.68 13.92 8.81 19.25 14.16 
polished wafer b-4 2.74 1.53 0.12 3.30 0.80 1.52 1.33 9.41 3.01 
b-5 4.38 3.30 0.57 6.81 6.19 6.69 13.82 12.18 6.58 
100 mm $ c-l 5.97 4.39 0.90 7.04 4.00 12.78 2.23 37.54 12.32 
double-faced c-2 1.28 6.90 0.58 9.48 7.73 16.65 1.29 21.72 12.70 
pollshed wafer c-3 9.27 3.40 0.94 15.30 8.76 7.86 2.25 37.27 17.73 
c-5 10.36 9.14 0.60 8.34 4.42 8.96 1.12 18.62 13.48 
Instrument (0 (i) (ii) (iii) (I) -(iii) (i) 
Bow Calculated results 
from all data 
Wafer Wafer No. A B C D E F G A-G A-E 
a-l -18.93 -7.80 0.00 -8.57 -9.48 0.00 SO -63.87 -12.22 
76.2 mm 4 a-2 -6.70 -3.56 -0.85 -10.45 -3.53 s.0 7.34 -137.48 -6.85 
single-faced a-3 -7.61 -4.21 -2.29 -11.76 -16.33 31.62 1.21 -291 40 -11.85 
polished wafer a-4 -1.95 -0.97 -0.08 -0.86 -0.66 -2.47 3.28 -78.14 -3.22 
a-5 1.78 0.59 1.12 0.56 1.09 0.00 10.70 17.60 2.28 
76.2 mm C$ b-l 1.29 0.78 0.13 0.52 1.56 4.35 6.40 27.18 2.51 
double-faced b-2 -6.56 -12.15 -1.23 -10.53 -19.55 -33.33 -6.10 -43.14 -14.36 
polished wafer b-4 22.27 33.41 1.24 SO 48.11 15.81 3.36 136.60 46.23 
b-5 -44.92 -37.98 -1.00 -16.47 -29.55 -27.75 -11.48 -57.68 -31.57 
100 mm C$ c-l 22.10 s.0 1.89 16.41 -13.46 s.0 4.14 158.63 204.73 
double-faced c-2 -30.98 -14.43 -3.21 -43.72 -19.38 -13.95 3.22 -1024.59 -49.24 
polished wafer c-3 36.27 SO 27.75 SO s.0 37.68 2.53 152.75 209.06 
c-5 47.69 SO 1.96 SO 32.34 -33.33 1.35 166.28 90.70 
Instrument (i) (0 (ii) (Cl) (1) - (iii) (i) 
S.0 = Scale Over 
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O- Affliations A B 
(instruments) (0 (ii) (iii) 
(a) warp 
0 a-l 
0 a-2 rl 0 a-3 A a-4 0 a-5 
I‘& p 4 f‘ ‘: , , ] 
Affliations * B c D E F G 
(instruments) (0 (ii) (iii) 
(b) Bow 
instruments did not have any cor- 
relation. 
In the case of the same type of in- 
strument, the coefficients of cor- 
relation of warp were more than 
0.99 for all affiliations, and those 
of bow were also more than 0.98. 
There was not any significant dif- 
ference among affiliations. 
In the case of different instru- 
ments, calibration among them 
must be carried out. 
Figure 2 The variation of WARP and BOW (76.2 mm 4 single-faced polished wafer). 
during the round-robin test. 
The averaged values of warp and 
bow for the 76.2 mm diameter single- 
faced polished wafers measured by se- 
ven affiliations are shown in Figure 
2(a) and Figure 2(b), respectively. The 
symbols of instruments are shown un- 
der the symbols of affiliations on thex- 
axis. The coefficients of correlation 
between instrument (i) and other 
types of instruments are also shown 
inTable 4 and the coefficients of corre- 
lation in the same type of instrument 
(i) are shown inTable 5, respectively, 
Table 4 shows that both warp and 
bow of instrument (i) and instrument 
Table 4. The coefficients of correlation 
between Instrument (i) and others. 
Correlation Coefficient 
Instrument warp bow 
(ii) 0.954 0.922 
(iii) 0.148 0.239 
Table 5. The coefficrents of correlation among 
instrument (4. 
Correlation Coefficient 
Affiliation warp bow 
A 0.993 0.996 
6 0.997 0.998 
C 0.998 0.998 
D 0.996 0.993 
E 0.990 0.985 
(ii) had a good correlation, while the 
correlation between instrument (i) 
and instrument (iii) did not have a rea- 
sonable one. In regard to warp, mea- 
sured absolute values for instrument 
(i) were larger than those for instru- 
ment (ii) in most of wafers.The reason 
seems to be due to the difference of the 
measurement datum plane. 
In the case of the same type of in- 
strument (i), Table 2 and Table 5 show 
that both warp and bow had good cor- 
relations. Concerning the coefficient 
of variance,Table 3 shows that the aver- 
aged values of warp among all instru- 
ments were 9.4 to 37.5%, while those of 
warp for the same type of instrument 
were as low as 2.3 to 17.7%. Being inde- 
pendent of the wafer diameter, Table 3 
shows that the variation of the coeffi- 
cient of variance for warp in the same 
type of instrument (i) had a tendency 
to be smaller when its measured values 
were large. The variation of the coeffi- 
cient of variance for bow was much 
larger than that of warp. 
Summary 
The results of the present round-robin 
test are stimmarized as follows: 
1. The difference of the definition 
among instruments may be the 
main reason for the dispersion of 
measured values. 
2. In the measurement of warp and 
bow, the dependence on the in- 
strument was very large, and some 
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Participants 
The nine Japanese manufacturers who 
participated in the present round-ro- 
bin measurement were as follows. En- 
quiries may be addressed to the 
following: 
H.Matsushita, Furukawa Electric Co. Ltd, 
tel/fax: +81-3-32%3219/3965; e-mail: 
matsushita@ho.furukawa.co.jp 
M. Kashiwa, Hitachi Cable Ltd, tel/fax: 
+81-294-25-3814/-43-2404; e-mail: mi- 
kiokashiwa@cc.hitachi-cable.co.jp 
O.Oda, Japan Energy Corp., tel/fax: +81- 
48-433-2051/-445-5400; e-mail: oda@- 
lab. j-energy.co. jp 
Y. Katsuno, Mitsubishi Chemical Corp., 
tel/fax: +81-3-3283-4534/4485; e-mail: 
1503996@cc.m-kagaku.co.jp 
K.Yamada, Shin-Etsu Handotai Co. Ltd, 
tel/fax: +81-3-3214.18351.0017 
H.Tomosue, Showa Denko K.K., tel/ 
fax: +81-494-23.6112/-7787 
A. Matsushima, Sumitomo Electric In- 
dustries Ltd, tel/fax: +81-3-3423-5300/- 
5302; e-mail: dd850158@3jnet.sei.co.jp 
M. Matsui, Sumitomo Metal Mining Co. 
Ltd, tel/fax: +81-428-31-2130/-1196; e- 
mail: LDY00504@niftyserve.or.jp 
R. Nakamura, Dowa Mining Co. Ltd, tel/ 
fax: +81-188-46.8000/-1365; e-mail: 
XLG04400@niftyserve.or.jp 
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